We used to connect the properties of polymers in the first place with their chemical composition, structure and molecular dimensions. However, the discovery ofsupermolecular structures in a great number ofpolymers brings to our attentionnot only the polymer molecules themselves but their mutual arrangement as weil. The influence of structures on properties often proves to be no less important for polymers than for metals, silicates and other solids.
Thus, regarding the great variety of structural forms in polymers, it is possible to outline very clearly four main structural types: globular, usually V.A. KARGIN formed in amorphous condensation polymers; striped structures peculiar to all polymers in the elastic state e.g. synthetic rubber; fibrillate structures, typical of arnorphous addition polymers with a high degree of order and the very initial stages of crystallization; and, finally, large structural formations in crystalline polymers-::.pherulites and crystals. All four characteristic types of polymer structurel6 are shown in Figure 8 . Already it is now safe to say that the fonnation of globular and large crystalline structures has an unfavourable influence on mechanical properties. The coiling of linear chains into globules usually results in the loss of elasticity, and heterogeneity of samples with large crystals gives rise to cracks and leads to premature failure. The initiation of the simple fibrillate structures is always favourable. The striped structures have not been studied sufficiently but obviously they take an intermediate position. Consequently, both the decreasing of dimensions of large crystalline formations and globu- the curves of mechanical tensile strength of these samples are given. We see that only by decreasing spherulites size it is possible to increase the tensile strength by several times and the breaking extension by tens of times 1 7-20. By varying the synthesis conditions, G. L. Slonimski et al. succeeded in transforming the globular form of the polyester of isophthalic acid and phenolphthalein into fibrillate form with a consequent change in mechanical properties21. Structure and mechanical characteristics of linear and globular polyesters are given in Figures 11 and Table 1 . These examples show the influence of structure on mechanical properties and how important it is to have structure control methodsl7 -21.
.&fechanical properties Molecular weigh t Softening temperature ( 0 C) Breaking stress (kg/cm2) Elongation (per cent) Specific resilience (kg.cmfcm 2 ) Table 1 Globular Linear I t is possible that the simp!est task in this respect is the control of dimensions for large crystalline formations-spherulites. Spherulitic structures are typical of easily crystallizable polymers and there are now several methods of exercising the desired control. First of all it is necessary to cite the introduction of artificial nuclei of crystallization considered as the spherulite formation centres. Naturally, the greater the number of such nuclei the smaller the size of each spherulite. It is also possible to vary the spherulite sizes by means of heat treatment of melts, which can also alter the number of natural nuclei. But in this case the phenomenon of recrystallization may occur and, consequently, the ageing of polymer materials. Artificial nuclei make it possible not only to vary structural formation sizes but to maintain them, thus enhancing the stability of the materia122 -25, As an example of artificial nucleus action Figures 12 and 13 show the structures and curves of deformation of isotactic polystyrene in the pure state and in the presence of indigo particles which serve as nuclei. Probably all crystallizable polymers, capable of the formation of large structures, behave similarly24. Figure 12 . Structure of ( a) the pure isotactic polystyrene and ( b) in the presence of indigo particles I t is possible to change structural formation sizes and accordingly polymeric properties, introducing low-molecular compounds playing the role of surface active substances. Being absorbed on the structural formation surface they influence their dimensions and forms in the same way as is well known for crystals oflow molecularsubstances. Polyadmide=6,6spherulties with and without 1,4-dimesidinoanthraquinone are depicted inFigure 14. Again we see the sharp change of structure, accompanied by changes in properties 2 6. However, it should not be forgotten that the introduction of low molecular substances into crystalline polymers may have quite the opposite effect, especially when introduced in comparatively large quantities. Being distributed on the boundaries of the simplest structural formations, such as chain bundles or fibrils, they increase mobility and may facilitate the formation of large structures. In Figure 15 the structures isotactic polystyrene in the pure state and containing 20 per cent (by volume) of cetyl chloride are shown. As a result large spherulites appear and the sample becomes unstable and friable. That is why attempts to plasticize crystalline polymers by means of the usual softeners often result in friability in softerred samples instead of the expected properties27. I want to mention polymer grafting as one of the structural control methods, about which I reported at the preceding symposium in Paris 31 . As a rule the grafting ofany other polymer causes difficulties in the formation of the highest structures but, at the same time, does not prevent the develop~ ment of structures which are simp~er and more favourable for the formation of given mechanical properties.
Up to now I have mentioned only methods ofphysical influence on struc~ ture formation processes. Certainly, the full transition from the most random structures to the most perfect ones can be achieved by changing the structure ofpolymer chains and I shall touch upon this point at the end ofmy report.
I have spoken so far about isotropic structures. However, in nature and technology anisotropic polymeric formations, such as fibres and fibrous materials, play a great part. The majority of artificial fibres are obtained by extension of initially isotropic or almost isotropic fibres. Regarding the peculiarity of the oriented structures it is important to know if there is any relation between the structure of the initialmaterial and the structure and, consequently, properties of oriented fibres, which arise as a result of the inftuence of extension. Orientation, especially in crystalline polymers usually arises suddenly with the formation of a so-called "neck". Long ago it was noticed that it proceeds as a phase transition2 8 • I t is possible to suppose that, during the formation of the "neck", a complete failure of all those structures which existed in isotropic polymers and the formation of absolutely new structures in oriented state takes place. However, the existence of a direct relationship between the initial structure and that developed during the orientation process was recently proved. At the extension of the film of a crystalline polymer which posses spherulitic structure ( typical of polypropylene, for example) it is easy to observe the sudden formation of the oriented Figure 16 . Transition of a polypropylene spherulite into the orientated state polymer. If at the same time the separate spherulites are observed one may see the maintained spherulites in the extended film. Usually it is difficult to observe them in fibres, because they become very long and thin after extension, but sometimes they are easily noticeable. Figure 16 shows the transition of a polypropylene spherulite into the oriented state30, It is clearly seen that the spherulites have survived after orientation. I t may be supposed that such extended spherulites should occur only as pseudomorphoses, connected with the preservation of boundary lines between spherulites, but not with the preservation of their internal structure. However, if such an oriented film is heated carefully to a temperature of several degrees below the melting point of a crystalline polymer, the film will shrink almost completely returning to the initial size. At the same time the former spherulites will recover. Thus the process of spherulite extension, even developing via the "neck", may be a reversible process. This phenomenon of the reversible deformation of large crystalline formations was shown by a number of objects and seems to be quite genera}l7, 29. It reveals that simpler structural elements forming spherulites and crystals do not change in the process of orientation. In fact, this phenomenon points out the possibility of realizing large and reversible deformations in crystalline polymers without their melting simply by motion of chain bundles or fibrils. I t is indicative of the close relation between the structure of fibres and the initial isotropic materials and reveals the fact that the structure of fibres is prepared before their orientation. The influence of fibre structure on mechanical properties has been studied for many years, but always from the supposition that it is the process of orientation that determines the whole structure of the oriented polymer. It appears that the formation of the structure begins much earlier in the isotropic phase, and probably even earlier in melts and solutions or directly in the process of polymerization! The influence of orientated fibre structure on their properties is weil known and I shall not discuss it. Thus, in solid polymers the formation of their properties is closely connected with the formation ofstructures. There naturally arises the question of how widely the phenomena of structural formations are spread in elastic polymers and, finally, where and how the creation ofstructures begins-whether they appear only in the solid state or whether they begin to develop in fusion, solutions and, possibly, directly in the processes of polymerization and polycondensation.
I have already spoken about the discovery of striped structures in typical rubbers. It turnsout that such structures are typical ofother polymers in the elastic state. Only at low temperatures it is possible to observe more perfect structural forms in elastomers. However, in crystallizable rubbers it is possible to ·observe the complete transition from the striped structures to the crystalline fibrils and to large crystalline formations such as spherulites and single crystals. I gave an example of such a transition for polybutene at the Paris Symposium31. The transition of the stripes into crystalline fibrils is a typical phenomenon; examples of such transition for the polychloroprene and polybutene are given in Figure 17 . We see that the crystallization is not the primary source of order in polymers but, on the contrary, the ordering in the amorphaus state is the necessary ground for the crystallization which is the final stage in the process of ordering. What changes do the properties of elastomers undergo in the course of transition from the simplest striped structures to the crystalline fibrils and then to the spherulites and single crystals?
We are used to the thought that crystallization always causes the decreasing of elastic properties and the decreasing of elongation. A combined study both of the properties and structure shows, indeed, that the very initial stages of crystallization do not always lead to the decreasing of elastic properties. The formation of weil formed fibrils always Ieads to a rise in strength and, in the case of small change of the modulus of elasticity, to the rise of the breaking extension. The "same effect of self re-inforcement", typical of the solid polymers and clearly proved for the first time for the polycarbonate, comes to mind32, 33. Elastic properties disappear, not in the case of crystalline fibril initiation but only in the case of large crystalline structure formations such as spherulites. As an illustration oftransition from the amorphous structures to the crystalline ones I cite the example of ethylene copolymers with vinyl acetate. The pure polyethylene possesses clearly developed spherulitic structures. The copolymer containing more than 25 per cent vinyl acetate is a typical amorphous elastomer with a striped structure. With increase of vinyl acetate content the crystallinity of copolymer decreases, the elongation rises, and tensile strength passes through the maximum. This maximum corresponds to still high copolymer crystallinity as is shown in Figure 18 .
In Figure 19 the structure of pure polyethylene, fully amorphous, copolymer and the copolymer structure in the case of greatest extension are shown. We see that at the maximum extension the copolymer possesses a clearly expressed fibrillar structure and is transparent, typically flexible elastomer.
Such transitions are still not clearly understood but even now it is possible to say that the elastomers need a certain degree of ordering for the achievement of high mechanical properties. The degree of order appearing in the amorphaus striped structures is insufficient and its rise up to the formation of clearly expressed fi.brils is the main task in the creation of structures in rubbers, both by means of extension and by stereospecific polymerization and copolymerization. Very characteristic phenomena occur in thin polymeric films. Figure 20 shows the structure of guttapercha in the adhesive layer, the thickness of which varies from tens ofmicrons up to somewhat less than one micron. We see that following the decreasing of the film thickness the size of spherulites increases at the beginning and then, after achieving a definite critical thickness, they diminish and are replaced by imperfect structures. Thus, in any case, there is a,certain thickness limit for some crystalline polymers34 below which no large crystalline formations can develop. Therefore, either large or fibrillar structures, ( and the consequent mechanical properties) depend on the layer thickness, which disappear at last in thin polymer layers in foams, reinforced and highly filled systems, for example. Thus, by sufficiently attentive investigations, itappeared that theformation of structures represented no exception, but is an absolutely common phenomenon for all types of polymers (both solid and elastic). I t appeared also that the influence of structures on the mechanical properties is great and should be taken into consideration.
Where does the formation of structure begin? Probably in the very dilute solutions in which the polymer exists in the form of theseparate molecules. It may also be safely supposed that in melts at sufficiently high temperatures all structures disappear and polymers actually turn into a system of randomly entangled molecules. But the transition from these extremely diluted or melted systems to the solid structured polymers can proceed within a Figure 20 . Structure of guttapercha in the adhesive layer (The data on the arrows indicate the thickness of the layer, which increases con tinuously from the bottarn to the top).
wide range of temperatures and concentrations. Consequently, it is necessary to estimate for every polymer those concentrations and temperatures at which the structure initiation begins, because the beginning of the structure initiation means the beginning of property formation. The fact of rapid crystallization of a number of polymers is an evidence of a quite high order in melts. At the preceding symposium in Prague I spoke about the state of polymers in melts, based on the evidence of electron diffraction35-37, actually showing the existence of high order in the arrangement of polymer molecules. The presence of structures with a high degree of order in melts is indicated both by the adsorbing properties36 and melts fluidity38, 39. Probably heating the polymer with large crystals under the microscope at a temperature above the melting point and then cooling the melt is the mostillustrative experiment in proving the existence of structures in melts. Very often during such an experiment the whole microscope structure of a tested sample recovers. Figure 21 shows polypropylene before and after melting (with heating at 20° above the melting point). We see that pictures are almost identical. The same spherulites appear at the same crystallization nuclei. Such "memory" is stored in the melted polypropylene heated up to 20-25° above its melting point. But if heating is continued the number ofnuclei decreases gradually, the number ofspherulites decreases and correspondingly their sizes grow. Finally, after a certain temperature ( 150-200° ab0ve the melting point for polypropylene) all the residuals of the initial structures having survived in melts decompose and the whole picture changes rapidly. The same polypropylene sample heated up to 350° and representing a polymer with a fine spherulitic structure is shown in Figure 22 . \Ve see how the structure foundations are created in melts and how the fusion temperature regime determines the structure and, consequently, the properties of the polypropylene sample. Thus, at present, there is no doubt as to the existence of structures in melted polymers, although nobody has yet succeeded in observing these structures directly.
Quite recently, however, the direct observation of structure formation
f.<lgure 21. Polypropylene: (a) before melting, (b) after being heated to 20° above the melting point in solutions was successful. By using agents incapable of crystallization and forming glasses as solvents, it was possible to obtain polymer solutions in a glassy state. With very great probability it may be supposed that the solutions in the process of being converted into glass would maintain the same structures as they had in a liquid state. By breaking the glasses and taking electron micrographs of the surface offracture it becomes possible to investigate the solution structure. Figure 23 gives electron micrographs of 0·1, 0·2 and 0·5 per cent solutions of polybutene in rosin. We see the initiation of structure at the 0·1 per cent concentration, the further development of the structure of bundled type is observed at 0·2 per cent and clearly developed structures are seen at 0·5 per cent concentration40.
so These results were proved by another method. By dissolving the polymer in a solvent with a low critical point and heating the solution above the critical temperature we get a solution in a gas but with the same density as for the initial liquid. This it is possible to suppose that the solution structure ~ Figure 22 . Polypropylene heated to 350° shows a fine spherulitic structure does not change. By breaking the heated ampulla containing the above mentioned solution in vacuum, we can expand the gas and disperse particles contained in the solution into the whole container volume without forming boundary lines. By placing the grids with the thin film carriers usually used in electron microscopy, at the bottom of this container we can catch these particles and observe them in the electron microscope. A solution of polybutene in propane heated up to 110° will serve as an example. This experiment gave absolutely analogous results tothat described above for the glassy solutions41, In the same way one can follow the formation of globular structures in solutions. As was mentioned above almost every polymer can be obtained in a globular state from the extremely dilute solutions. In the case of concentration rise in the solutions with folded molecules, the process of molecular aggregation begins. In the case of globular formations this causes the rise of globular size as the aggregating globules fuse together, forming a globule of bigger size which contains not only one molecule, but a considerable number of polymeric molecules. Only in the case of comparatively high concentration can rearrangement of globules into the linear structures take place. The picture arrived at for the solutions of isotactic polyacrylic acid in liquid ammonia with the addition of small quantities of water heated above the critical temperature is shown in Figure 24 . In the case of 0·05 per cent concentration the globules contain from one to four polymeric molecules in each globule; with a concentration as high as 0·5 per cent from 9-70 molecules in a globule, andin the case of 1 per cent concentration the molecular content in a globule rises up to 120 and rearrangement into linear structure begins. The analogous picture is given for the polystyrenesulphonic acid in Figure 25 , where in the solution of 0·2 per cent concentration the globule contains from 1-20 molecules, and at 1 per cent concentration the structure turns into a fully fibrillar one. Thus, on the basis of these four results one can see that the structures are initiated in solution in the region of low concentration, and that concentrated solutions contain structures quite similar to the simple structural types of solid polymers. Accordingly, the origin of the structures and, consequently, the beginning of property formation take p!ace in comparatively dilute solutions and hot melts. But further suppositions are not excluded-the possibility of immediate structure initiation in the polymerization process. Some years ago the formation of large fibrous structures on the surface of heterogeneaus catalysts during polymerization of ethylene and propylene42, 43 and at the polymerization of some solid monomers44 was noticed. However, when the temperature of the experiment exceeds the tempera ture of glass-transition of polymer the possibility of molecular rearrangement and initiation of structures as a result of secondary processes arises. The experiment of polymerization may be considered perfect only when both monomer and polymer are solids and the temperature is below that of gla,ss-transition. Recently, such experiments were performed by means of solid rnonomers polymerized directly in an electron microscope, where the electron beam itself initiated polymerization. Phenylrnethacrylamide, p-biphenylmethacrylamide and sodium acrylate were polymerized. Electron rnicrographs of polyphenyl-and biphenylmethacrylarnide, obtained by solid state polymerization, are given in Figures 26 and 27 and which show sodium polyacrylate formed under similar conditions. We see that instead of continuous thin film, which should have been obtained by equal polymerization throughout the whole volume of the monomer, typical bundled structures accompanied by a few globules are, in fact, initiated. The polymerization process itself has been well observed under the electron microscope and :represents an example of immediate direct structure initiation in the polymerization process. For the present V. A. KARGIN it is difficult to state how wide similar phenomena are spread, but one can be sure that they are possible. But if the structures can arise directly in the polymerization process this must have an effect on the polymerization itself and particularly on the free energy of polymerization. The total variation of free energy can always be expressed as the sum of the variation during transition of a monomer into polymeric molecules and the structure formation from separate polymeric molecules. In most cases when the heats of polymerization are high, and polymerization-depolymerization equilibria are displaced to very high temperatures the free energy change during the structure formation does not play an essential part. But when heats of polymerization are not high as, for example, in the case of cycles polymerization, the structure formation may be of prime importance. This remains the case when polymerization becomes possible only with simultaneaus structure formation. In a few cases polymerization occurs only when the forming polymer crystallizes and does not take place when a polymer cannot crystallize ( 11.:-methylstyrene, rt.-pyrrolidone, 1X-piperidone) 4 5, 4 7. Crystallization is most advantageous for the displacement of the polymerization-depolymerization equilibrium in the direction of polymerization, but it is possible to suppose that with very strong chain interaction the amorphous structure formation should be sufficient. I think that processes such as nitrile polymerization are feasible only because of the structures formed by polymer chains with conjugated bonds48.
In the present report I cannot discuss the role of all structural phenomena of polymerization in greater detail. I can only remind the readers that structure formation effects polymerization kinetics as well, leading to the phenomenon of autocatalysis 49 ; that phase transformations in solid monomers are the cause ofveryrapid polymerizationin thesolidphase50 -54; and that polymerizationin complexes makes it possible to fulfil a wide variety ofpolymerization processes which areimpossible for pure monomers55 -59. The influence ofthe monomer phase state on the chemical structure of the forming polymeric molecule is no less essential. Thus, in the case of diketene polymerization initiated by metallic magnesium two various isomeric polymer forms can be obtained depending on the monomer phase state. If the solid monomer, formedas a result of combined condensation of monomer and metallic magnesium vapours, is polymerized at several degrees below the melting point, then the polyester is formed. In the case ofpolymerization at or above the melting point another isomer-poly-ß-diketone60 is formed. In a similar way, acetaldehyde polymerization in the solid state in the presence of metallic magnesium, introduced into the monomer by means of combined vapour condensation, forms polyacetal. The same system polymerizing at a temperature above the melting point forms polyvinyl alcohol61. In both cases the difference in polymerization is only a few degrees. There is no doubt that the formation of one or another polymeric isomer is connected only with the phase state of the monomer.
Thus, in the field of polymerization the role of structural phenomena must also be taken into account, especially in the case of polymerization in the solid state and when the structures are formed directly in the polymerization process. The most general conclusion which can be drawn is the widespread importance of structures in polymers of every type and their arising in the earliest stages of solid polymer formation in solutions, fusion and in polymerization processes. If this is true, then most polymers cannot be considered as homogeneaus systems, similar to the usual liquids.
The presence of structures means the presence of boundaries and density differences and unequal distribution of mechanical strains. The infiuence of structures on the mechanical properties is connected with this. But polymeric heterogeneity should have an effect on the other polymer properties and, in particular, on the mechanism of chemical reaction with the polymeric substances and on the processes of polymer swelling and placticiza tion.
Actually, low molecular substances introduced into the polymer can be distributed in different ways. Homogeneous distribution of such a substance in the polymer volume as a w hole corresponding to a real solution of a low molecular substance in polymer is the more or less usual phenomenon. It results in corresponding changes of mechanical properties-drop of glass-transition temperature in proportion to the molar62 or volumetric63 share of plasticizing agent, in the first instance.
However, in structurated polymers another possibility arises. If a low molecular substance (plasticizer) is insoluble in polymer, but moistens it, it may be distributed on the structure boundaries playing the role of interstructural lubrication and increasing mutual mobility of separate elements in the structure. In this case, a plasticizing agent in limited quantities can have a great effect but, at the same time rapid Saturation occurs and the introduction of an excessive amount of plasticizer is not accompanied by further lowering of glass-transition temperature or polymer module. Such phenomena, identified as interbundled or interstructural plasticization, were first discovered on cellulose derivatives64 -68. Figure 28 depicts the dependence of nitrocellulose glass-transition temperature on the concentration of various plasticizers introduced into the solution. For dibutyl phthalate, soluble in all proportions in nitrocellulose, the glass-transition temperature falls continuously in proportion to the concentration. Gastor oil is insoluble in nitrocellulose. Its introduction in quite limited quantities (see the upper right part of the figure) lowers the glass-transition temperature, but the Iimit is quickly achieved (curve b'). We see two different types of plasticization-by means of soluble and insoluble plasticizer, the latter acting only on structure boundaries. I ts action is unusually striking-0·1 per cent concentration causes the same effect as the introduction of 10 per cent of Figure 29 indicates the action of a soluble plasticizer, 1-nitro-2-methyl-2-propanol, and the curve ( b), the action of an interbundles insoluble plasticizing agent-butyl stearate. We see the same typical picture of action of extremely limited quantities of the interbundled plasticizer with a rapidly approached limit that, in this case, is already achieved at 0·05 per cent 160 u 160r , But one should not forget about the other effects due to the interstructural plasticization. A small quantity of low molecular substance, located on the boundary lines promotes mobility of structure elements and relieves the process of higher supermolecular structure formation. It presents no danger in the case of amorphaus polymers but, in crystalline polymers, it can Iead to rapid recrystallization, large structures formation and brittleness rather than plasticization results72.
Chemical transformations in polymers often follow the same course as those in heterogeneaus systems. At the resent symposium in Paris I reported on the structural phenomena obtained during the formation of graft polymers. The general conclusion finally arrived at was that the grafting process usually occurred not in the whole polymer volume but only on the boundary lines of structural formations and that graft polymers obtained usually revealed "microseparation" phenomenon-in other words, the transition to heterogeneity73.
The other example of chemical processes taking place in polymers as non-homogeneaus systems is vulcanization. It is weil known that vulcanizates from crystalline rubbers retain crystallization capability. The explanation of this phenomenon was based on the assumption that the crystallization occurred only in limited chain regions. But, quite recently, it was successfully proved that the normally vulcanized stocks retain not only the ability to crystallize, but the ability to form higher structures up to the initiation of single crystals. Various successive stages of ordering and crystallization of polychloroprene, heat vulcanized with fonex, was to produce a vulcanizing network frequency corresponding to one bond for 300 carbon atoms on the average, are represented in Figure 30 . Vulcanized samples were rolled up to achieve solubility and then specimens from a carbon tetrachloride solution were obtained for electromicroscopic studies. Obviously, after vulcanization, unbranched chain and linear structural formations, without which formation of large structures and single crystals is impossible, remain in rubber in comparatively large amounts. It is also possible when vulcanizing links are distributed in rubber in a non-uniform way, but this is possible only in non-h0mogeneous systems.
Analogaus results on structure initiation in polychloroprene heat vulcanizates are given inFigure 31. According to these results the thermochemical destruction takes place in a non-uniform manner over the whole volume of rubber7 4 -75. It is intere3ting that the phenomena associated with the presence of structures may even be discovered in a study of chemical reactions with polymers in solution. In the case of chlorination of high density polyethylene in carbon tetrachloride at 0·1-ü·S concentration and at 115-125°, the chlorination product separates into two fractions just after cooling the solution-soluble and insoluble in cold carbon tetrachloride. These fractions differ in their chlorine content by a factor of 2-3, with total chlorirre content as high as 14-22 per cent in the soluble fraction and 58 4-8 per cent in the insoluble fraction. Only at 130° does this phenomenon disappear and a homogeneous product, completetly soluble or insoluble in chlorobenzerre depending on its chlorirre content, is formed. It is interesting that this temperature is very close to the polyethylene crystal melting point and obviously corresponds to full dissociation of structural formation in solutions. Theseexperiments were performed under conditions of rapid mixing of polyethylene solutions with a solution of chlorine in chlorbenzerre to avoid possible heterogeneity of chlorination by gas. Analogous phenomena are also observed with guttapercha chlorination 1 8.
Figure 31. Structure initiation in polychloroprene heat vulcanizers
In this report I have attempted to give an account of the m.ain data on structure formations in all states of polymers, their initiation and role in the polymerization processes together with the development of mechanical properties and their influence on the chemical behaviour of the polymer. I believe that, at present, the structural formations Ehould be regarded not as exceptional phenomena, but as an integral part of all processes leading to the formation of valuable properties of polymers.
